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Description 

Cryopumps currently available, whether cooled 
by open or closed cryogenic cycles, generally follow 
the same design concept. A low temperature array, 5 
usually operating in the range of 4 to 25°K, is the pri- 
mary pumping surface. This surface is surrounded by 
a higher temperature radiation shield, usually operat- 
ed in the temperature range of 70 to 1 30°K, which pro- 
vides radiation shielding to the lower temperature ar- 1 o 
ray. The radiation shield generally comprises a hous- 
ing which is closed except at a frontal array positioned 
between the primary pumping surface and the cham- 
ber to be evacuated. This higher temperature, first 
stage frontal array serves as a pumping site for higher is 
boiling point gases such as water vapor 

In operation, high boiling point gases such as wa- 
ter vapor are condensed on the frontal array. Lower 
boiling point gases pass through that array and into 
the volume within the radiation shield and condense 20 
on the lower temperature array. Asurface coated with 
an adsorbent such as charcoal or a molecular sieve 
operating at or below the temperature of the colder 
array may also be provided in this volume to remove 
the very low boiling point gases such as hydrogen. 25 
With the gases thus condensed and/or adsorbed 
onto the pumping surfaces, only a vacuum remains in 
the work chamber. 

Once the high vacuum has been established, 
work pieces may be moved into and out of the work 30 
chamber through partially evacuated load locks. With 
each opening of the work chamber to the load lock, 
additional gases enter the work chamber. Those gas- 
es are then condensed onto the cryopanels to again 
evacuate the chamber and provide the necessary low 35 
pressures for processing. After continued processing, 
perhaps over several weeks, gases condensed or ad- 
sorbed on the cryopanels would have a volume at am- 
bient temperature and pressure which substantially 
exceeds the volume of the cryopump chamber. If the 40 
cryopump shuts down, that large volume of captured 
gases is released into the cryopump chamber. To 
avoid dangerously high pressures in the cryopump 
with the release of the captured gases, a pressure re- 
lief valve is provided. Typically, the pressure relief 45 
valve is a springloaded valve which opens when the 
pressure in the cryopump chamber exceeds about 
2.1 x 10 Pa (about 3 pounds per square inch) gauge. 
Because the process gases may be toxic, the pres- 
sure relief valve is often enclosed within a housing so 
which directs the gases through an exhaust conduit. 

After several days or weeks of use, the gases 
which have condensed onto the cryopanels and, in 
particular, the gases which are adsorbed begin to sat- 
urate the system. A regeneration procedure must 55 
then be followed to warm the cryopump and thus re- 
lease the gases and to remove the gases from the 
system. As the gases are released, the pressure in 



the cryopump increases and the gases are exhaust- 
ed through the pressure relief valve. 

Atypical pressure relief valve, as disclosed for in- 
stance in US-A-4674530, includes a closure which, 
when the valve is closed, is held against an o-ring 
seal by a spring. With pressures which open the 
valve, the closure is pushed away from the o-ring seal 
and the exhausted gases flow past the seal. Along 
with the gas, debris such as particles of charcoal from 
the adsorber or other debris resulting from processing 
within the work chamber also pass the seal. That de- 
bris often collects on the o-ring seal and the closure 
cap. In order to effect a tight vacuum after regenera- 
tion, it is often necesssary to dean the relief valve af- 
ter each regeneration procedure. If such care is not 
taken, leaks into the cryopump result at the relief 
valve and provide an undesired load on the cryo- 
pump. 

Attempts at producing more reliable valves have 
been made in the past. One method involves the use 
of a solenoid actuator in conjunction with the spring 
holding the valve closure cap against the o-ring. This 
allows the use of a heavier spring with the closure, 
and thus a heavier pressure is generated at the con- 
tact point between the closure and the o-ring. In ad- 
dition, a self-cleaning valve is disclosed in Patent No. 
4,719,938 to Pandorf. The valve uses wiper rings to 
clear debris from component surfaces and is thus 
more complex than conventional valves. 

Filters have been used with success to extend 
the number of regeneration procedures before clean- 
ing of the valve is required, see U.S. patents 
4,655,046 and 4,697,617. However, even filters do 
not lead to sufficient relief valve reliability for fully au- 
tomatic systems. 

According to the present invention there is pro- 
vided a pressure relief valve assembly suitable for use 
in a cryopump, said pressure relief valve being a pas- 
sive valve which opens automatically when pressure 
within the valve exceeds a given value, the pressure 
relief valve comprising a relief valve housing, a valve 
closure, an o-ring pressed between the closure and 
the valve housing, one of the closure and housing 
having an annular projection constrained to be con- 
centric with the o-ring, the cross section of which has 
an apex in contact with the o-ring such that the seal 
between the closure and the o-ring is a single contin- 
uous annular contact edge, the contact edge having 
a radius larger than the central radius of the o-ring 
and smaller than the outisde radius of the o-ring, and 
a spring positioned within the valve housing for pull- 
ing the closure toward the housing. 

The pressure relief valve assembly provided by 
the present invention is suitable for relieving the high 
pressure build-up in a vessel such as a cryopump. 
The relief valve assembly comprises a relief valve 
housing, a valve closure and an o-ring for sealing be- 
tween the valve housing and closure. When the valve 
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is dosed, the o-ring is pressed between the closure 
and the valve housing. A spring is positioned within 
the valve housing to puli the closure against the o- 
ring. The closure has an annular projection concentric 
with the o-ring, the cross section of which has an 
apex which contacts the o-ring. The projection is such 
that the seal between the closure and the o-ring is a 
single continuous annular contact edge. The contact 
edge has a radius larger than the central radius of the 
o-ring and smaller than the outside radius of the o- 
ring. 

According to a further aspect of the invention 
there is provided a cryopump using the self-cleaning 
pressure relief valve assembly. The cryopump may 
further include a filter associated with an exhaust 
port through which the relief valve assembly is in fluid 
communication with the cryopump chamber. 

The present invention will now be described, by 
way of example only, with reference to the accompa- 
nying drawings, in which:- 

Figure 1 is a cross sectional view of a cryopump 
having a self-cieaning pressure relief valve, 
Figure 2 is an enlarged cross sectional view of a 
self-cleaning pressure relief valve, 
Figure 3 is an enlarged cross sectional view of a 
contact edge of a valve closure and an o-ring, 
Figure 4 is an enlarged cross sectional view of a 
contact edge of a valve closure and an o-ring un- 
der deflection due to pressure from the contact 
edge of the valve closure, and 
Figure 5 is an enlarged cross sectional view of a 
contact edge of a valve closure formed by the 
corner of an annular projection from the valve clo- 
sure which is substantially rectangular in cross 
section. 

In the drawings, like reference numerals refer to 
the same parts throughout the different views. The 
drawings are not necessarily to scale. 

Referring to the drawings, the cryopump of Fig- 
ure 1 comprises a main housing 12 which is mounted 
to a work chamber or a valve housing along a flange 
14. A front opening 16 in the cryopump housing 12 
communicates with a circular opening in the work 
chamber or valve housing. Alternatively, the cryo- 
pump arrays may protrude into the chamber and a va- 
cuum seal be made at a rear flange. A two stage cold 
finger 18 of a refrigerator protrudes into the housing 
12 through an opening 20. In this case, the refriger- 
ator is a Gifford-MacMahon refrigerator but others 
may be used. A two stage displacer in the cold finger 
18 is driven by a motor 22. With each cycle, helium 
gas introduced into the cold finger under pressure 
through line 24 is expanded and thus cooled and then 
exhausted through line 26. Such a refrigerator is dis- 
closed in U.S. Pat. No. 3,218,815 to Chellis et al. A 
first stage heat sink, or heat station 28 is mounted at 
the cold end of the first stage 29 of the refrigerator. 
Similarly, a heat sink 30 is mounted to the cold end 



of the second stage 32. 

The primary pumping surface is a cryopanel 34 
mounted to the heat sink 30. In the case shown the 

5 cryopanel 34 is an inverted cup. 

A cup shaped radiation shield 44 is mounted to 
the first stage, high temperature heat sink 28. The 
second stage of the cold finger extends through an 
opening 45 in that radiation shield. This radiation 

10 shield 44 surrounds the primary cryopanel array to 
the rear and sides to minimize heating of the primary 
cryopanel array by radiation. The temperature of this 
radiation shield ranges from about 100 K at the heat 
sink 28 to about 130 K adjacent to the opening 16. 

15 A frontal cryopanel array 46 serves as both a ra- 
diation shield for the primary cryopanel array and as 
a cryopumping surface for higher bioling temperature 
gases such as water vapor. This panel comprises a 
circular array of concentric louvers and chevrons 48 

20 joined by spoke-like plates 50. The configuration of 
this cryopanel 46 need not be confined to circular 
concentric components; but it should be so arranged 
as to act as a radiant heat shield and a higher temper- 
ature cryopumping panel while providing a path for 

25 lower boiling temperature gases to the primary cryo- 
panel. 

In a typical system, the cryopump is regenerated 
by turning off the refrigerator and allowing the system 
to warm. As the temperature of the system increases 
30 the gases are released, thus increasing the pressure 
in the system. As the pressure reaches about 3 PSIG 
the released gases are exhausted from the system 
through an exhaust conduit 58 and self-cleaning relief 
valve 60. 

35 An additional exhaust conduit 62 extends up- 

wardly from the inlet port of the conduit 58 at the base 
of the cryopump housing 1 2. The conduit 62 is formed 
of filter material such that liquid cryogens and water 
which collect at the bottom of the housing 12 are free 

40 to flow therethrough into the exhaust conduit 58. 
However, the filter material has sufficiently small 
openings to retain much of the debris which might 
contaminate the relief valve 60. Such an exhaust con- 
duit is disclosed in U.S. Pat. No. 4,655,046 to Eaco- 

45 bacci et al. 

In accordance with the present invention, self- 
cleaning relief valve 60 reduces the contaminating ef- 
fects of any debris which manages to get past addi- 
tional exhaust conduit 62. FIG. 2 is a cross section of 

50 the relief valve 60 which is generally cylindrical in 
shape. The valve body has an annular groove in 
which is mounted o-ring 66. The valve body 64 also 
has a number of circumferential holes 65 about one 
larger hole passing through the middle. Extending 

55 through the center hole is shaft 67 of valve closure 68 
which slides axially within the hole. The motion of clo- 
sure 68 is restricted by the force of spring 70 which is 
compressed between the valve body 64 and a retain- 
ing nut 72 on the cylindrical shaft of the closure 68. 
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The force of the spring acts to bring a contact edge 
76 of the closure 68 against the o-ring 66 to seal the 
valve 60. The contact edge appears as the apex of 
the annular projection 77 which projects from the do- 5 
sure 68 in the cross section of Figure 2. 

The o-ring 66 is typically made of a hard synthetic 
rubber, which in the present embodiment is a fluro- 
carbon copolymer sold under the trademark Viton, by 
duPont. Viton copolymers are fluorocarbon copoly- 10 
mers of vinyiidene fluoride and hexafluoropropytene. 
FIG. 3 shows an isolated cross sectional view of o- 
ring 66 and the annular projection 77. As can be seen 
from the figure, the thin contact edge 76 is the only 
portion of the closure which makes contact with o- 15 
ring 66. The o-ring and the annular projection 77 are 
concentric with one another around the central axis 
of the valve 60, but the radius of the contact edge is 
slightly larger than the center radius of the o-ring. 
This results in the contact edge 76 making contact 20 
with the o-ring 66 along its outer surface relative to 
the center of the cross section of valve 60. 

During a regeneration cycle, the relief valve 60 
opens and gases are expelled through the valve 60. 
It is believed that the thin annular projection 77 of the 25 
valve closure 68 allows better gas flow around the 
closure surface and better ejection of any debris 
passing through the valve 60. The reduced sealing 
surface also allows less surface area upon which 
contaminants which hinder proper sealing of the valve 30 
may accumulate. 

Further it is believed that as the valve closes, the 
contact edge 76 contacts o-ring 66 and slides along 
the surface of the o-ring under the compressive force 
of spring 70 as the o-ring is forced radially inward. 35 
This action serves to wipe the surface of the o-ring, 
clearing off any debris which may have accumulated 
in that region of the o-ring surface. As a vacuum is 
once again formed in cryopump housing 12, the con- 
tact edge 76 of the annular projection 77 is drawn into 40 
the o-ring 66 with an even greater force. This force 
causes the o-ring 66 to deflect under the concentrat- 
ed load of the contact edge 76, as shown in FIG.4. 
The deflection pulls the o-ring further inward while in 
contact with the edge 76, once again wiping off the 45 
o-ring surface. 

The larger radius of the contact edge 76 relative 
to the center radius of the o-ring 66 has been found 
to dramatically improve the repeatability of closures 
with proper sealing. It is believed that the larger ra- 50 
dius allows the contact edge to wipe along the sur- 
face of the o-ring. If the two radii were the same, the 
contact edge 76 would be positioned directly above 
the o-ring 66 and might depress directly into the o- 
ring surface rather than slide across it In the present 55 
embodiment, the o-ring 66 is 0.140 inches in cross 
sectional diameter, and the contact edge 76 is posi- 
tioned 0.050 inches off center toward the outside of 
the o-ring 66. The angle forming the contact edge is 



30°, with the angle being centered around a line par- 
allel to the shaft of the valve closure 68. Angles of 45° 
and 90° have also proven successful. Other success- 
ful configurations include an edge 0.020 inches off- 
center of a 0.070 inch o-ring, 0.010 off-center of a 
0.140 inch o-ring and 0.040 inches off-center of a 
0.55/mm (0.140 inch)o-ring. Seal material of 60 and 

75 ducometer hardness has been successfully test- 
ed. 

One alternative embodiment is shown in Figure 5. 
This figure is similar to Figure 3, but the annular pro- 
jection 78 is formed in a different shape. For ease of 
manufacturing and durability, a squared-off annular 
projection 78 replaces the sharp angled annular pro- 
jection 77 of Figure 3. The angle of the contact edge 

76 is no longer symmetrical about a line parallel to the 
closure shaft, but the annular projection 78 contacts 
the o-ring 66 far enough off center so that there is still 
only a single edge contact Thus the improved gas 
flow and wiping features of the self-cleaning valve are 
retained. 

While the invention has been particularly shown 
and described with reference to a preferred embodi- 
ment thereof, it will be understood by those skilled in 
the art that various changes in form and details may 
be made therein without departing from the spirit and 
scope of the invention as defined by the appended 
claims. For example, O-rings of different diameter 
may be used and the contact edge of the valve clo- 
sure may be positioned different distances off center 
relative to the o-ring. Making the o-ring of different 
materials can change the effectiveness of the self- 
cleaning valve. Additionally, different shapes of annu- 
lar projections may be used and different contact an- 
gles may be formed, without neccessariiy being sym- 
metrical relative to the closure shaft. The function of 
retaining nut 72 of FIG. 2 may be accomplished with 
a recessed groove in which a retaining clip is trapped. 
The o-ring may be seated in the closure with the seal- 
ing edge projecting from the housing. The relief valve 
may be used with a filter means other than or in ad- 
dition to the additional exhaust conduit 62 of Figure 1 . 
For example, a filter element and filter housing such 
as is disclosed in Patent No. 4,679,617, to Bourke et 
al. can be used. The self-cleaning relief valve may 
also be used on equipment other than cryopumps. 



Claims 

1. A pressure relief valve assembly suitable for use 
in a cryopump, said pressure relief valve being a 
passive valve which opens automatically when 
pressure within the valve exceeds a given value, 
the pressure relief valve comprising a relief valve 
housing (64), a valve closure (68), an o-ring (66) 
pressed between the closure and the valve hous- 
ing, one of the closure and housing having an an- 
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nular projection (77) constrained to be concentric 
with the o-ring (66), the cross section of which 
has an apex (76) in contact with the o-ring (66) 
such that the seal between the closure and the 
o-ring is a single continuous annular contact 
edge, the contact edge having a radius larger 
than the central radius of the o-ring and smaller 
than the outside radius of the o-ring, and a spring 
(70) positioned within the valve housing (64) for 
pulling the closure (68) toward the housing. 

2. A pressure relief valve assembly according to 
claim 1 , wherein the annular projection (77) of the 
closure (68) has a cross section which is triangu- 
lar in shape. 

3. A pressure relief valve assembly according to 
claim 1 or 2, wherein the o-ring (66) is seated in 
the housing (64) and the projection (77) extends 
from the closure (63). 

4. A pressure relief valve assembly according to 
claim 3, wherein the closure (68) has a shaft (67) 
which slides in a center hole in the housing (64), 
the housing having a plurality of fluid passages 
(65) through the housing about the center hole. 

5. A cryopump incorporating a pressure relief valve 
assembly as defined in any one of the preceding 
claims. 

6. A cryopump according to claim 5, further com- 
prising an exhaust port through which the relief 
valve assembly is in fluid communication and a 
filter associated with the port. 

7. A method of relieving pressure in a cryopump, 
which method comprises providing the cryopump 
with a pressure relief valve assembly as defined 
in any one of claims 1 to 4. 



und dem O-Ring eine einzige durchlaufende ring- 
fdrmige Beruhrungskante ist wobei die Beruh- 
rungskante einen Radius aufweist, der gro&er ist 
5 als der Mittelradius des O-Rings und kleiner als 

der Au&enradius des O-Rings, und wobei eine 
Feder (70) innerhalb des Ventilgehauses (64) an- 
geordnet ist, urn den VentilverschluR (68) gegen 
das Gehause zu Ziehen. 

10 

2. Uberdruckventilanordnung nach Anspruch 1 , bei 
welcher der ringformige Vorsprung (77) des Ver- 
schlusses (68) einen dreieckformigen Quer- 
schnitt aufweist 

15 

3. Uberdruckventilanordnung nach Anspruch 1 
oder 2, bei welcher der O-Ring (66) in einem Sitz 
des Gehauses (64) angeordnet ist und der Vor- 
sprung (77) vom VerschluR (63) ausgeht. 

20 

4. Uberdruckventilanordnung nach Anspruch 3, bei 
welcher der VerschiuR (68) einen Schaft (67) auf- 
weist, der in einer Mitteloffnung im Gehause (64) 
gleitet, wobei das Gehause mehrere Fluiddurch- 

25 fuhrungen (65) aufweist, die das Gehause rings 

urn die Mitteloffnung durchsetzen. 

5. Kryopumpe, welche eine Clberdruckventilanord- 
nung nach einem der vorangehenden Anspruche 

30 enthalt. 

6. Kryopumpe nach Anspruch 5, welche ferner eine 
Ausia&offnung aufweist, durch die die Uber- 
druckventilanordnung in Fluidverbindung steht, 

35 wobei ein Filter der AuslaBoffnung zugeordnet 

ist. 

7. Verfahren zum Entspannen von Uberdruck in ei- 
ner Kyropumpe, bei welchem die Kryopumpe mit 

40 einer Uberdruckventilanordnung nach einem der 
Anspruche 1 bis 4 versehen wird. 



Patentanspruche 

45 

1. Oberdruckventilanordnung, die fur die Verwen- 
dung in einer Kryopumpe geeignet ist, wobei das 
Uberdruckventil ein passives Ventfl ist, das sich 
automatisch offnet, wenn der Druck innerhalb 
des Ventils einen vorbestimmten Wert ubersteigt, so 
und wobei das Uberdruckventil aufweist ein Ven- 
tilgehause (64), einen VentilverschluB (68), einen 
zwischen VerschluS und Ventilgehduse zusam- 
mengepressten O-Ring (66), wobei entweder der 
VerschluS Oder das Gehause einen ringformigen 55 
Vorsprung (77) aufweist der konzentrisch mit 
dem O-Ring (66) gehalten ist, wobei ein Scheitel 
(76) derart in Beruhrung mit dem O-Ring (66) 
steht daft die Dichtung zwischen dem VerschluB 



Revendlcatlons 

1. Soupape de surpression adapt&e d §tre utilis6e 
dans une cryopompe, ladite soupape de surpres- 
sion 6tant une soupape passive qui s'ouvre auto- 
matiquement lorsque la pression au sein de la 
soupape exc&de une valeur donn6e, la soupape 
de surpression comprenant une boTte de soupape 
de surpression (64), une fermeture de soupape 
(68), un joint tori que (66) press6 entre la ferme- 
ture et la bofte de soupape, la fermeture ou la boT- 
te comportant une projection annulaire (77) 
contrainte de manidre & 6tre concentrique relati- 
vement au joint torique (66), la section transver- 
sale de laquelle comporte un sommet (76) en 
contact avec le joint torique (66) de mantere que 



5 



EP0 466 776 B1 



10 



le joint entre la fer meture et le joint torique soit un 
seul bord de contact annulaire continu, le bord de 
contact ayant un plus grand rayon que le rayon 
central du joint torique et plus petit que le rayon 5 
exterieur du joint torique, et un ressort (70) posi- 
tionn6 au sein de la botte de soupape (64) pour 
tirer la fermeture (68) vers la botte. 

2. Soupape de suppression selon la revendication 1 , 1 o 
dans laquelle la projection annulaire (77) de la 
fermeture (68) a une section transversale de for- 
me triangulaire. 

3. Soupape de surpression selon la revendication 1 15 
ou 2, dans laquelle le joint torique (66) est cal6 
dans la botte (64) etta projection (77) s'6tend de- 

puis la fermeture (63). 

4. Soupape de surpression selon la revendication 3, 20 
dans laquelle la fermeture (68) comporte un ar- 

bre (67) qui coulisse dans un trou central dans la 
botte (64), la botte comportant une plurality de 
passages de f luide (65) dans la botte prds du trou 
central. 25 

5. Cryopompe comprenant une soupape de sur- 
pression telle que d6f inie dans Tune quelconque 
des revendications pr6c6dentes. 



Cryopompe selon la revendication 5, comprenant 
en outre un orifice de sortie par I'intermSdiaire 
duquel la soupape de surpression est en commu- 
nication de fluide et un f iltre assocte d Porif ice. 



30 



35 



7. Proc6d6 de reduction de pression dans une cryo- 
pompe, lequel proc6d6 consiste d 6quiper la 
cryopompe d'une soupape de surpression telle 
que ddfinie dans Tune quelconque des revendi- 
cations 1 & 4. 40 
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FIG. 3 



FIG. 4 



FIG. 5 
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